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Abstract

Georeferencing satellite images is an essentiat@dorre to carry out most remote
sensing applications. The quality of this proces waffect all the ulterior
procedures and products. Independent test groumtralo points (GCPs) are
required to assess the quality of the correctioowidver, a representative number
is hardly obtained when they are manually locafBlis work studies the effect of
the number of GCPs in the geometric correction tyalhen they are manually
located. The methodology has been applied to Lardgaimages in a region with
complex relief (heights ranging from O to 3000+ mMie work presents a spatial
representation of the error and discusses its ioléhe visualisation of the quality.
Moreover, we critically discuss the usage of intica as the RMS error without
considering the number of GCPs or the method usethéir placement in the
realistic assessment of the geometric quality efithagery. Indeed, it is shown
that, for the studied scenes, a minimum of 25 GEReseded to achieve a test RMS
smaller than a pixel and that not using independé@Ps leads to unrealistic
quality indicators. Moreover, manual placement o€R®% gives clearly worst
results than automatic procedures.

Keywords: Landsat, RMS, geometric accuracy, number of Gdo@ontrol
Points.

1 Introduction

The huge amount of currently available remote sgnsiformation leads to an
increasing interest in the data quality. An exampighis interest is the EU 7th
framework programme project “GeoViQua: Quality agvafisualisation for the
Global Earth Observation System of Systems” (GeaMi(@010). The aim of this
project is to scientifically define data qualitydinators and quality-enabled search
and visualisation tools to be applied to the clegttouses and geoportals provided
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by the GEOSS (Global Earth Observation System sfe®ys) Common Infrastruc-
ture.

Remote sensing data quality implies several aspduist data, such as geome-
try, radiometry, uncertainty of the models appliedhe data, propagation of errors
when combining several layers, etc. Geometry isafribe most relevant as it leads
to important implications when combining data frdifferent dates or from differ-
ent sources (for instance, images acquired byrdiftesensors or combining satel-
lite images with other geographic datasets or fidgld information).

Geometric correction with GCPs consists on thregsph (Chuvieco, 2010): a)
location of homologous GCPs between the image todoeected and a reference
image or map; b) fitting of the model to transfoifme reference coordinate system
to the image to be corrected coordinate systemesgmpling the pixels in the cor-
rected space by transferring the original valuestfe image to be corrected) to the
new position according to the model previously set.

GCPs location is a highly relevant step becausetiadity of the correction de-
pends on the precision of their location and ot ttistribution over the scene. The
optimal number of GCPs will depend on the complexit the scene and, a part
that the minimum number depends on the model tosee, there is no consensus
about a general recommendation. For instance, &ergl978) recommends a
number between 14 and 20 GCPs to correct a LaMiS& image while Davison
(1984) recommends a humber between 100 and 120 @&Giesrect a Landsat TM
image.

The quality of the geometric correction can onlychearly determined by an in-
dependent test. However, it is possible to study tiee number of GCPs impacts
on the quality of the geometric correction in ortiergive a general figure of the
quality when an independent test is not availabteah image as well as to assess
the reliability of the usage of a quality indicatterived from the GCPs used to fit
the model.

The RMS (root mean square) error is a very usudicator of the geometric
quality of the correction, but in many cases inhdg reported how this figure has
been estimated: How many points? How were theyctt? Were they independ-
ent or the RMS was computed from the same settosidthe model? Moreover, a
spatialized indicator of the quality can be vergfusto know which parts of the
scenes are more reliable and which parts contane g@ometric errors, so contrib-
uting to the visual assessment and understandititecdpatial quality.

The objective of this work is twofold: 1/ To evalaehow the quality of the
geometric correction varies depending on the nundfeGCPs used, on the
GCPs placement methodology or on their role inrtiealel fitting. 2/ To take a
glance at the spatial representation of the quafisuch geometric corrections.

2 Study zone and materials

The study zone is over the Landsat scenes 197+48128-031 according to the
WRS-2 (Worldwide Reference System). Both scenegrcmost of the territory of
Catalonia, on the north-east of the Iberian Peténdthe study zone presents zones
with heavy relief (from the sea level to heightghgr than 3000 m in the Pyrenees)
besides of zones of moderate topography.
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A Landsat 5 TM image for each scene has been @sbthy 2007 for 198-031
and 18 May 2007 for 197-031. These images belorantannual Eurimage sub-
scription of Landsat images and have been seldotetheir cloud-free conditions.
Two set of GCPs have been used for each imagé:af senually GCPs (close to
30 GCPs) and a set of automatically GCPs (with ntiba@ 230 GCPs) (see Table
1).

Table 1. Acquisition date and number of GCPs used for saehne.

Scene Acquisition date Number of GCPs Number of
(dd/mm/yyyy) manually set GCPs auto-
matically set
197-031 18/05/2007 33 243
198-031 09/05/2007 26 238

The procedure to obtain these GCPs is explaingberfollowing section. The
Digital Elevation Model was downloaded from thetitg Cartografic de Cata-
lunya (15 m of spatial resolution). Areas outsidatalbnia were filled with the
ASTER Digital Elevation Model data.

3 Methodology

3.1 Geometric correction model

Landsat images are commonly georeferenced byditimpolynomial according
to a set of GCPs. Pala & Pons (1995) has been ssfollg used for long series of
Landsat imagery (since 1972 to nowadays) and alstheé present work. This
methodology consists on a first polynomial functirat takes into account the
relief displacements.

GCPs can be set manually by a human operator grdde be set by an auto-
matic methodology. The automatic ground controlnpaiearching methodology
proposed in Ponst al. (2010) consists on finding homologous points betwae
satellite image and an orthophotomap through caticel analysis. One important
feature of this methodology is that the distribotiof the GCPs is not according to
the presence of identifiable features in the imbgeto an optimal distribution of
GCPs according to the polynomial with Z functio@gnsequently, the distribution
of the automatic GCPs covers the complete rangiecoX, Y and Z of the scene.

According to an experience of more than ten yeamd hundredths of corrected
images) the number of GCPs per scene that can beaity successfully set is
limited to about 30 and to regions clearly ideatife by the human eye (even if the
operator has a large expertise in this task). Ifen®CPs are desired, the operator
has to deal with regions harder to identify anchveib increasing uncertainty in the
location of the GCPs and, consequently, in a wditdeg of the polynomials. A
computerized method can successfully deal withoregihardly identifiable by a
human, so the distribution of GCPs is not limited¢cognizable zones but it can
be set according to the proposed model.

Our hypothesis is that the lower the number of USEdPs, the lower the quality
of the correction. Given that the number of manuigéntified GCPs is limited, the
dropout of a point will cause a worse distributafriGCPs on the X, Y and Z space.
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3.2 Theinfluence of the number of GCPs

In this work a set of manually identified GCPs #d to fit the model and a set
of automatically GCPs is used to test the equatfiitiirsy. A subset of the manually
identified GCPs has been used in order to ansveeqtlestion about how the num-
ber of GCPs influences the quality of the geometoizection.

The number of possible combinations is extremelgdaand, for this work, 30
random combinations have been selected for eactbeuof GCPs used (30 ran-
dom combinations using 30 GCPs, 30 random combinsiising 25 GCPs, and so
on). For scene 198-031, with 26 original GCPs,elveas no possibility to select 30
GCPs as they were only 26 (and not 30) possiblébamations using 25 GCPs.

3.3 Quality assessment and error visualisation

The global quality of the geometric correction ismerically assessed by the
RMS error. A reasonably high number of test GCRsnal spatializing the errors
detected during the model testing stage. In thiskva preliminary vector error
visualisation that consists on representing therarector of each test ground con-
trol point is presented. As the errors are ususthaller than a pixel, the length of
this vector was exaggerated by a factor x100 irelotd be conveniently repre-
sented at general scales. In this paper only s@®escof the 197-031 will be visu-
alized because of the lack of space, but the wewulh the other frame are similar.

4 Results

Figure 1 shows that, as expected, the mean test iRbi&ses when the number
of GCPs decreases for both scenes. Variabilitggults also increases when using
a lower number of GCPs. It can be explained byfdlsethat with a lower number
of GCPs the distribution of X, Y, Z is hardly coedr
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Figure 1. RMS statistics (Maximum, Mean, Minimum, etc) ob&irfrom 200+ independent
GCPs for the different combinations of GCPs for scEdig-031 (on the left) and for scene
198-031 (on the right) (upper lines) compared ® RMS computed from the fitting GCPs
themselves (in this case the mean fitting is ptb#te a thick dotted line).
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If GCPs are manually located, the estimated qualitined by the fitting RMS
(without an independent set of GCPSs) is excessioplymistic: For the images
evaluated in this work, the RMS estimated from fittthg is about 14 m when
using all the available manual GCPs. However, thESRbtained by an independ-
ent test based on hundredths of GCPs is about 28areover, when the number
of GCPs is decreasing, the tendency of the RMS otedpfrom the GCPs used to
fit the model is opposite to that of the test RM8e first one is biased in the sense
that it informs that quality increases when usiegslGCPs, which is wrong.

If the quality of the correction is assessed byahondant independent set of
GCPs, it is found that a minimum number of 25 G@Rsst be used to achieve a
RMS similar to the maximum obtained using all theR3 manually placed.

A number higher than 30-35 GCPs is hardly achievadn they are manually
located. RMS values can significantly improved wlamnautomatic algorithm is
used to identify hundredths of fitting GCPs. Itsaethat, for an image with heavy
relief (0-3000+ m), the best possible RMS with nmalhulocated GCPs is about
22.9 m while with an automatic procedure the me®SRs about 15.5 m (Poret
al., 2010).

Figure 2 shows the spatialized error representatisroriented line vectors.
When using all the available GCPs (left), all ervectors have a reasonably short
length and there is not an identifiable patterthia orientation of the errors. When
using a selection of the original GCPs (right),oevectors increase in length in
zones where GCPs were missed (for instance, aetitee of the scene). No differ-
ences were detected on the direction of the eratepugh it is a preliminary
study.
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Figure 2. Test error vectors for scene 197-031. Vector lemgire exaggerated by a x100
factor. No graphic scale is plotted because theyéma not georeferenced. Left: correction
with all the available GCPs for this scene (test RRIE& m). Right: correction with a selec-
tion of 10 GCPs (test RMS=33.2 m).

The error vector representation allows visualising magnitude of the errors,
their spatial distribution and the eventual exiseeof patterns in their directions.

Other forms of quality visualisation, as continudangers obtained by interpola-
tion of the error magnitude and direction, willstedied in future work.
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5 Conclusions

This work reveals the importance of knowing two iiddal parameters besides
the RMS error when assessing the geometric accuidm®se two parameters are
the number of used GCPs used to fit the model atietiRMS has been computed
based on the fitting GCPs set or based on an imdigme set of GCPs. The fitting
GCPs RMS is biased, giving a lower (optimistic) Rkh&n the RMS obtained by
an independent test. This bias increases when uheber of fitting GCPs de-
creases.

If GCPs are manually located, a minimum of 25 G@Rsrecommended to ob-
tain an acceptable quality in the correction. Nthaless, given that the manually
location of GCPs is limited to 30-35 GCPs, the tyalf the geometric correction
is also limited. Indeed, using an automatic proceda find hundredths of GCPs
can improve significantly the results (22.9versusl5.5 m of RMS error).

Vector-based visualisation allows to easily defawints with high error magni-
tude and direction patterns.
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